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361 368, 1973.-Sexually experienced and inexperienced male hamsters mated normally after they had been rendered 
temporarily anosmic by intranasal zinc sulfate treatment (Experiment 1), in contrast to the complete absence of sexual 
behavior following removal of the olfactory bulbs. The efficacy of our zinc sulfate technique was demonstrated by use ot 
an olfactory discrimination training procedure. Hamsters lost the ability to smell both amyl acetate (Experiment 2) and the 
female hamster post-estrus vaginal discharge (Experiment 3) following zinc sulfate induced anosmia but at the same time 
retained normal sexual behavior. 
Sex behavior Hamste r  Anosmia Olfaction 
THE variables which may affect male sexual behavior have 
been studied by a number of investigators [8, 18, 41 ,67] .  
It is commonly thought that central and peripheral effects 
of androgen must be coupled with appropriate sources of 
arousing stimulation in order for normal patterns of 
behavior to occur. The complexity and redundancy of 
mechanisms which govern male copulatory behavior is 
reflected in the fact that very few experimental treatments, 
besides castration and some central lesions, can interfere in 
any drastic fashion with its occurrence [9,25]. Recently it 
has been demonstrated that mating behavior in male 
hamsters and mice can be totally abolished by removal of 
the olfactory bulbs [19, 39, 47, 57]. This would appear to 
contradict the above generalization and the assertion that 
no one sensory modality is critical for sexual behavior [7]. 
A variety of changes have been demonstrated following 
bulbectomy in both sexual [ 10, 30, 32, 45, 65] and other 
social behaviors [4, 5, 24, 35, 56]. However, it is not clear 
whether these behavioral changes result from an inability to 
detect olfactory stimuli or from other consequences of 
olfactory tissue destruction. Besides producing anosmia, 
bulbectomy as it is typically performed removes input from 
the vomeronasal organ to the accessory olfactory bulb [44] 
and disrupts olfactory bulb interactions with the limbic- 
midbrain system which might be important in regulating a 
variety of behaviors. 
The possible importance of the vomeronasal organ- 
accessory olfactory bulb system became apparent when it 
was demonstrated that the neural projections of the 
accessory bulb, but not of the main olfactory bulb, 
terminated in the medial nucleus and the medial portion of 
the cortical nucleus of the amygdala [68]. This accessory 
bulb projection field contains cells whose fibers run in the 
stria terminalis and synapse in the preoptic area and medial 
hypothalamus [21, 31, 36]. Thus there is anatomical 
evidence to suggest that sensory input via the vomeronasal 
system could influence diencephalic areas known to be 
important in the regulation of male sexual behavior [ 17, 
25, 29, 37, 38, 42]. 
Although rabbits were used in the original anatomical 
demonstration that the main and accessory olfactory bulbs 
have separate projections, preliminary evidence (unpub- 
lished observations) suggests that this dual projection 
system is also characteristic of the hamster, one of the two 
species in which bulbectomy (generally including both the 
main and accessory bulbs) is known to eliminate male 
sexual behavior. It therefore seemed appropriate to use the 
hamster in order to elucidate the contributions of: (1) the 
peripheral olfactory system; (2) the vomeronasal accessory 
olfactory bulb system; and, (3) olfactory bulb-limbic 
system interactions in producing the loss of copulatory 
behavior following olfactory bulb removal. This report 
concerns experimental approaches to the first of these 
questions. 
In Experiment 1, the effects of a modified zinc sulfate 
procedure for inducing peripheral anosmia [2] were evalu- 
ated in both sexually experienced and inexperienced males, 
and in Experiments 2 and 3, the efficacy of this technique 
for producing anosmic animals was investigated by utilizing 
tests of olfactory discrimination. We found that removal of 
the sense of smell in male hamsters in no way affects their 
ability to display normal patterns of copulatory behavior. 
We especially thank Elliot S. Valenstein for many helpful discussions throughout the course of these experiments. Research supported by 
NIMH Grant No. MH20811 to E.S.V. 
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Materials and Method 
Nine teen  male hamste rs  weighing be t w een  75 85 grams 
were ob t a ined  f rom Con Olson Co. (Madison,  Wisconsin)  
and housed  individual ly  wi th  Purina lab chow and wate r  
provided ad lib unde r  a reversed i l lumina t ion  schedule  
(l ights of f  be tween  9 a.m. and 9 p.m.).  Af ter  a p p r o x i m a t e l y  
2 weeks, animals  were r a n d o m l y  assigned to  one  of  two 
groups;  one group received sexual  exper ience  but  the  
second group did not .  Hamsters  in the  exper i ence  g roup  
(EXP) were al lowed to  copu la te  wi th  es t rous  females  th ree  
t imes per  week on  a l t e rna te  days for  two  successive weeks. 
Behavioral  estrus was induced  in ovar iec tomized  females  by  
sequent ia l  s u b c u t a n e o u s  in jec t ions  of  es t radiol  b e n z o a t e  
(10  ug) and p roges te rone  (200  #g) dissolved in sesame oil 
and admin i s t e red  42,  and 6 hr, respect ively,  be fore  behav io r  
testing. (P rogynon  Benzoa te  and P r o l u t o n  were generous ly  
supplied by  the  Scher ing Corpora t ion ,  Bloomfie ld ,  N.J.).  
These  females  were rou t ine ly  checked  wi th  s tud males  to 
assure tha t  lordosis  could  be easily elicited. Test ing sessions 
occur red  dur ing the  dark  po r t i on  of t he  i l lumina t ion  cycle 
and lasted 10 rain or unt i l  tbe  mate had achieved 2 
ejaculat ions.  All m oun t s ,  i n t romiss ions  and e jacula t ions  
were scored on a Rus t rak  event recorder .  Sexual  behav io r  
was evaluated in t e rms  of  the  la tency  be t w een  i n t r o d u c t i o n  
of the  female  and the  first i n t romiss ion  (1L), the  compar -  
able la tency  to first e jacula t ion  (EL)  and the  n u m b e r  of  
in t romiss ions  preceding e jacula t ion  (I /E) .  Tests were con-  
duc ted  in clear Plexiglas boxes  measur ing  24 x 30 cm in 
area and 21 cm high. Each  male  was placed in a test  box  for 
5 min pr ior  to  in t roduc ing  an es t rous  female.  To con t ro l  for  
handl ing,  each male  in the  group receiving no sexual  
exper ience  ( INEXP)  was placed in a mat ing  box  for  10 min 
in the  absence  of  an es t rous  female  on  the  same days the  
EXP males were given sexual exper ience .  All males in the  
EXP group ejaculated dur ing at least 3 of  the  6 sessions. 
E i ther  3 or 4 days af ter  the  final exper i ence  session, 
per iphera l  anosmia  was induced  in 6 of  the  10 EXP and in 5 
of the  0 INEXP animals.  The  remain ing  hams te r s  in each 
group were admin i s t e red  a con t ro l  p rocedure .  Peripheral  
anosmia  was induced  by  an int ranasal  zinc sulfate so lu t ion  
using a t e c h n i q u e  modi f ied  f rom the  one  descr ibed by  
Alber t s  and Galef  [2 ] .  The  coagu la t ion  necrosis  of  olfac- 
tory  mucosa  p roduced  by  this  t r e a t m e n t  has been  descr ibed 
by  Smi th  [ 6 3 ] ,  Schul tz  [ 6 0 ] ,  and Mulvaney and Heist 
[ 46 ] ,  and its effect  on  o l fac to ry  d i sc r imina t ion  abil i ty is 
r epor ted  in Expe r im en t s  2 and 3. 
Figure 1 depic ts  the  hook  and insert  c o m b i n a t i o n  which  
was used to  apply  zinc sulfate. An  ou te r  h o o k  served to 
guide a part ial ly fexible  inner  assembly  in to  t he  pos te r io r  
region of the  nasal cavities. Using this  sys tem,  so lu t ions  
could be passed f rom a h y p o d e r m i c  syringe,  t h r o u g h  the  
inner  assembly tubing,  and o n t o  the  o l fac to ry  mucosa  wi th  
relative ease. 
Hamsters  were anes the t i zed  wi th  e ther  and  placed on  
thei r  backs  wi th  head lowered in an incl ined posi t ion .  The  
ou te r  tube  wi th  insert  r e t rac ted  was slid over  the  hard 
pala te  unt i l  the  ben t  end en tered  the  nasopha ryngea l  
meatus .  The  insert  was t hen  e x t e n d e d  and  a t t ached  to a 1 
ml syringe so tha t  0.5 ml of 5% zinc sulfa te  in 0.5% saline 
could be passed t h r o u g h  the  nasal cavities. The  so lu t ion  was 
aspirated at  the  ex te rna l  nares dur ing  the  en t i re  per iod  of 
zinc sulfate delivery and for  a p p r o x i m a t e l y  10 sec af ter-  
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FIG. 1. Hook and insert assembly used for passing zinc sulfate 
solution over the olfactory mucosa of hamsters. See text t'or 
procedural de tails. 
wards. For  con t ro l  purposes ,  0.5% saline a lone was adminis-  
tered using the  same procedures .  
Males in the  EXP group  were assigned to zinc sulfate  or 
saline t r e a t m e n t s  so as to  ba lance  the  to ta l  n u m b e r  of  
e jacula t ions  achieved dur ing  the  6 exper ience  sessions. 
Inexper i enced  males were assigned by  equa t ing  body  
weights  be tween  the  2 groups.  Two days fol lowing the  
in t ranasal  app l ica t ion  of  zinc sulfate or saline, sexual 
behav io r  tests  were given to all males using the  same 
procedures  as were employed  in the  exper ience  sessions. 
The  2-day interval  b e t w e e n  zinc sulfate  and behav ior  tes t ing 
was chosen  to allow any t rans ien t  general  debi l i ta t ing  
effects  of  zinc sulfate  to  dissipate. 
Results 
Zinc sulfate  t r e a t m e n t  had no effect  on  the  copu la to ry  
pe r fo rmance  of male  hamste rs  unde r  ou r  tes t ing cond i t ions  
(Fig. 2). These  males were not  s ignif icant ly  d i f fe rent  f rom 
saline con t ro l s  o n  any  of  the  3 behaviora l  measures  in e i ther  
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FIG. 2. Sexual behavior scores (mean ± standard error of the mean) 
of sexually experienced (EXP) and inexperienced (INEXP) male 
hamsters after receving intranasal saline (S) or zinc sulfate (ZS) 
treatment. N's were EXP/S = 4 and EXP/ZS = 6 : INEXP/S = 4 and 
INEXP/ZS = 5. 
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Although IL and I/E scores were nearly identical for the 
EXP and INEXP saline treated animals, the EL was 
considerably longer for inexperienced males and ap- 
proached significance (p=0.057; Mann-Whitney U test). 
The comparable difference between EXP and INEXP zinc 
sulfate treated animals was smaller. 
E X P E R I M E N T  2 
The results of Experiment 1 are consistent with the 
hypothesis that impairment of olfactory function does not 
interfere with male sexual behavior in hamsters. However, 
independent assessment of olfactory deficits were not 
carried out. The purpose of Experiment 2 was to ascertain 
that peripheral anosmia was successfully induced by intra- 
nasal zinc sulfate administration and that male hamsters 
would mate normally during the experimentally established 
period of anosmia. 
Materials and Method 
Male hamsters weighing 100 g were obtained from Con 
Olson Co. and housed under conditions identical to those 
described for Experiment 1 except that the colony lights 
were off  between noon and midnight. Fourteen animals 
were water deprived and trained in a Y maze to learn the 
position of a water reward on the basis of odor cues. 
Generally, the experimental paradigm consisted of training 
animals to a criterion performance level and then testing 
whether this olfactory discrimination would be maintained 
first following an intranasat saline control procedure and 
later after zinc sulfate had been administered. Sexual 
behavior was tested both before and after zinc sulfate 
treatment. 
A schematic drawing of the apparatus used, modified 
after one described by Bowers and Alexander [11], is 
shown in Fig. 3. The essential features of this enclosed 
maze consist of a blower to pass air through 2 flasks into 
the ends of the 2 goal arms, and an exhaust fan positioned 
behind the start box, to quickly remove the odorized air. 
The odorant source consisted of 15 drops of  amyl acetate 
(mixed isomers) in a small cotton ball placed at the bot tom 
of Flask B. Flask A contained a clean cotton ball only. Air 
was passed from the blower through the flasks and into the 
maze via rubber tubing with quick disconnect connectors at 
C, which allowed the tube carrying odorized air to be 
switched easily from one goal arm to the other. 
The water reward was always on the side containing the 
odorant; this side was randomly varied according to a 
Gellerman series. Training took place under approximately 
23 hr of water deprivation; one hour of ad lib drinking was 
allowed in the home cage following the daily training 
session. Each trial was run by placing a hamster in the start 
box and activating the blower for 10 sec before the start 
box door was opened. The blower remained on until after 
the animal had made a choice. If the choice was correct, the 
blower stayed on until the water cup was reached; when 
incorrect choices were made, the blower was turned off 
after the goal arm entrance had been traversed. Between 
trials, animals were placed in a holding box while the 
apparatus was exhausted in preparation for the next run. 
All hamsters were given 15 trials per day for 5 days each 
week until a criterion of at least 13 correct responses per 
day over 2 successive training days was met. 




FAN I I 
5 cm 
FIG. 3. Schematic overhead depiction of an enclosed, plexiglas Y - 
maze used to assess the olfactory discrimination ability of male 
hamsters. Odorants were placed in Flask B (Flask A remained free 
of odor) and could be delivered to either goal arm by means of 
"quick disconnect" junctions (C). See text for procedural details. 
At some point prior to the attainment of this criterion, 
all hamsters were given a single sex test (as described in 
Experiment I) to assure that they were capable of 
displaying normal copulatory behavior. If an animal did not 
attain 2 ejaculations within a 5 min test it was not 
continued in the experiment. 
On the day olfactory discrimination criterion was met, 
the saline control procedure was administered to determine 
whether etherization, the passage of solution over the 
olfactory mucosa, or a 48-hr period without training would 
affect discrimination performance. Water was available ad 
lib for 24 hr following the control procedure but the 23 hr 
deprivation schedule was reinstated thereafter. Two control 
olfactory discrimination tests were run 48 and 72 hr after 
saline treatment. Following the 72-hr test, zinc sulfate was 
applied as described in Experiment 1. The availability of 
water and resumption of olfactory testing was identical to 
that after saline except that testing was carried out for 8 
consecutive days or until criterion had been remet. Not all 
of the 14 animals in this experiment received both the 
control and zinc sulfate procedures according to the 
schedule described above. Six animals were administered 
the experimental procedure only, with no prior saline 
control, and 3 animals received the control treatment only. 
In all these cases the procedure administered was given on 
the day criterion performance was attained and subsequent 
olfactory testing was carried out as described above. 
All animals that received zinc sulfate were given a single 
sex behavior test 48 hr following this treatment, i.e., 
immediately after the first post-zinc sulfate olfactory 
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discr iminat ion testing session. The procedures  used in these 
tests were identical to those described for Exper iment  1. 
Results 
Male hamsters learned to discriminate the posit ion of  
amyl acetate odor ized air in a mean of  137 trials ranging 
between 75 and 225. These results are shown in Fig. 4 
which depicts inean performance  scores of  all hamsters 
studied, whether  the animal was given saline, zinc sulfate, 
or both  in succession, after initial learning. Correct  choices 
were plot ted backwards f rom the day on which cri terion 
was met in order  to compensa te  for the variability in the 
number  of  trials necessary to reach criterion. Olfac tory  
discr iminat ion performance  was not disrupted by the saline 
control  procedures.  The mean number  of  correct  responses 
on the two days of cri terion performance  and the two days 
fol lowing intranasal saline was 13.7 and 13.2, respectively. 
Zinc sulfate adminis t ra t ion caused an obvious ol factory 
deficit ;  performance scores dropped to chance levels on the 
first test fol lowing this t rea tment  for all except  one  animal 
(p< .005, Wilcoxon test), t towever ,  this hamster  did 
perform at chance over the succeeding 3 days. On none of  
the test days did the animals appear debil i tated nor lose 
weight;  they ran normally in the maze and vigorously 
consumed the water  when correct  choices were made. 
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FIG. 4. Olfactory discrimination performance (15 trials/day) during 
initial learning, after intranasal saline, and after intranasal zinc 
sulfate. (See text and Table 1 for N's). Mating behavior scores 
(means ± standard error of the mean), from 5 min tests given before, 
and 2 days after zinc sulfate treatment (N=I l). 
Af ter  approximate ly  the third post-zinc sulfate test day 
(5 days after zinc sulfate administrat ion) ,  some hamsters 
began to show signs of  recovered o l fac tory  funct ion.  Two  
animals reached cr i ter ion again within 7 days, one by 8 
days, and 2 could have done so by 9 days if addit ional  
testing had been given. This recovery of  ol factory func t ion  
following zinc sulfate applicat ion has been reported in the 
rat [2] and corresponds with the t ime course o f  the 
regeneration of  receptor  cells in the o f f a c l o ~  epithehuln ,,! 
rabbits [46].  
Male sexual behavior was tested 48 hr aflcr the zim 
sulfate had been administered.  On this day when the lirst 
post-zinc sulfate olfactory discrimination tesl wa,~ given, 
olfactory funct ion was seriously impaired bill copulator5 
performance was not. Intromission and ejaculation I'atcncies 
after peripheral anosmia had been reduced were nol 
significantly different  from sexual per formance  levels dur-. 
ing control  tests (Fig. 4). The mean numbcl of intromis- 
sions to ejaculation,  before and after zinc sulfate t reatment ,  
was 8.7 and 13.9, respectively. Al though I animal contrib- 
uted dispropor t ionate ly  to the higher post-zinc sulfate I / l '  
mean, the majori ty  of subjects did require more intromis- 
sions to reach ejaculat ion while anosmic (V< 0 0 5 ,  Wilcoxon 
test). 
E X P E R I M E N T  3 
Exper iment  2 demonst ra ted  that our procedure for 
passing zinc sulfate over the ol factory mucosa of male 
hamsters produces obvious deficits in the ability to smell 
amyl acetate. However  it could be argued that biologically 
relevant odors might still be detectable,  even though potent  
but  artificial smells were not. In Exper iment  3 we tested 
the ability of  hamsters to discriminate the odor  of  vaginal 
secretions col lected f rom intact female hamsters, anti then 
assessed discr iminat ion per formance  fol lowing zinc sulfate 
administrat ion.  
Materials and Method 
Six male hamsters were trained in the olfactory discrim- 
ination apparatus using procedures similar to those de- 
scribed in Exper iment  2. The odorant  source consisted of 
the post-estrus vaginal discharge obtained from intact 
female hamsters housed under a 14L:10D il lumination 
schedule with the lights on be tween  10 a.m. and 12 p.m. 
Enough females were used so that a min imum of 4 females 
provided vaginal odor  on any given day. The female cycles 
were such that on 3 of  every 4 days, 8 or more females 
were in the appropriate  stage of their  estrous cycles. The 
secretion was gent ly ext ruded from the vaginal orifice and 
collected on small co t ton  swabs which were placed in Flask 
B of the discr iminat ion apparatus (Fig. 3). Vaginal secre- 
tions were collected each day at 11 a.m. and discrimination 
training began immedia te ly  afterwards. If more than 3 
males were being trained on any particular day, the odorant  
source was replenished by collecting more secretions from 
tile same females and adding the fresh swabs to those 
already present in the flask. This second collect ion usually 
occurred about  3 hr after the first; no difference could be 
detected in the amount  of  discharge available at these 2 
times a l though some al terat ion in the ol factory properties 
of the vaginal secretion could have been taking place over 
this time. 
Ideally, the vaginal secretions of  females in behavioral 
estrus would provide a more appropriate  odorant  source. 
However  we found that the amount  of  secret ion available 
from sexually receptive females was miniscule compared to 
the post-estrus discharge. Al though we did not carry oul  
systematic  tests, the male hamster ' s  response to estrus 
vaginal secretions was not  discernibly different  from their 
response to the post-estrus discharge under a variety of 
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simple preference conditions. Thus the chief advantage of 
utilizing the post-estrus discharge for our olfactory discrim- 
ination training was the ease with which it could be 
collected and the quantities available. Criterion perfor- 
mance levels were the same as in Experiment 2 and all 
hamsters were administered the saline control procedure 
after criterion was met. Subsequent olfactory discrim- 
ination tests were run for 4 days rather than 2 as in 
Experiment 2 because slight decrements in performance 
were observed over the first 2 days. Zinc sulfate was given 
after the fourth control test, and the testing schedule 
following this treatment was identical to Experiment 2. The 
effects of peripheral anosmia on sexual behavior were 
assessed using the same procedures as were employed in 
Experiment 2. 
Results 
The results of Experiment 3 are summarized and 
compared to the results of Experiment 2 in Tables 1 and 2. 
Hamsters required the same number of trials to associate 
vaginal odor with the water reward as were required when 
amyl acetate was used. Saline control procedures resulted in 
a slight but non-significant diminution in olfactory discrim- 
ination ability. The mean number of correct responses on 
the 2 days of  criterion performance and the first 2 days 
following intranasal saline was 13.6 (90.7%) and 11.7 (78%) 
respectively. This small effect was not observed in Experi- 
ment 2. However, zinc sulfate administration was equally 
effective in producing anosmia for the post-estrus vaginal 
secretion as it was when amyl acetate was used as the 
odorant source. In both experiments, mean performance 
over the first 2 days after zinc sulfate treatment was at 
chance levels and significantly different from performance 
after the control procedure (p<0.05, Wilcoxon test). 
Recovery of  olfactory function appeared similar to that 
which occurred using amyl acetate because 3 of the 6 
animals had reached criterion prior to the final test day. 
Peripheral anosmia again failed to disrupt copulatory 
behavior (Table 2), although all 3 behavioral measures were 
affected. Intromission and ejaculation latencies were 
shorter and intromissions to ejaculation longer, during the 
anosmic tests than during the preceding control tests. The 
differences between anosmic and control conditions for all 
3 measures were just large enough to achieve significance 
(p< 0.05, Wilcoxon test). 
DISCUSSION 
Our results demonstrate conclusively that peripheral 
anosmia has no disruptive effects on the copulatory 
behavior of male hamsters in contrast to the total elimina- 
tion of this behavior by olfactory bulb ablation [19, 39, 
47].  This conclusion is based on the unequivocal findings 
that zinc sulfate-treated animals lose the capacity to 
discriminate the position of either amyl acetate or the 
female hamster post-estrus vaginal discharge, and that while 
this olfactory sensitivity is lost, sexual behavior can be 
aroused and executed with no gross alterations in normal 
patterns of response. This appears to be true even in the 
absence of prior sexual experience (Experiment 1). Because 
we had no control over the rearing conditions of the 
inexperienced hamsters between birth and the time they 
entered our laboratory, we cannot be sure that some types 
of relevant social or sexual experience were not acquired 
during development. An experiment in which such control 
has been achieved is now in progress. 
Although in both Experiments 2 and 3 the number of 
intromissions required to achieve ejaculation was greater 
after zinc sulfate treatment, this was not the case in 
Experiment 1. In addition, intromission and ejaculation 
latencies were shortened in the anosmic condition of 
Experiment 3. Because of the design we chose for the final 
2 experiments, it is not clear whether these effects were due 
to the induced anosmia, or to some aspect of the behavior 
testing sequence we used. In all cases in which sexual 
behavior was tested following zinc sulfate treatment, 
mounts, intromissions and at least 2 ejaculations were 
displayed by all animals within a 5 min test. 
The validity of the results we present in this study rests 
on a number of factors. The first concerns the extent to 
TABLE 1 
OLFACTORY DISCRIMINATION PERFORMANCE OF MALE HAMSTERS BE- 
FORE AND AFTER THE INDUCTION OF PERIPHERAL ANOSMIA (,~ ± SEM) 
Trials to Reach Criterion Percent Correct Responses 
Amyl Acetate§ 137.6 _+ 11.7 
(Experiment 2) 
Estrous Odor a 137.5 ± 25.7 
(Experiment 3) 
Criterion* Control t Anosmic$ 
91.3±1.1 88.0±2.2 52.7±3.0 
90.7±1.3 78.0±3.3 50.0±4.0 
* t ~Mean performance over the 2 days at criterion levels (*), the first 2 test days 
after intranasal saline treatment (t), and the first 2 test days after intranasal zinc 
sulfate treatment (~t), respectively. 
§N = 14. Of the 14 animals trained to criterion, 3 were tested after saline 
treatment only, 6 after zinc sulfate treatment only, and 5 after both treatments in 
succession. 
aN = 6. All animals were trained to criterion and then tested after both saline and 
zinc sulfate treatments in succession. 
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TABLE 2 
SEXUAL BEHAVIOR OF MALE HAMSTERS BEI:OP, E AND AFTER THE INI)U(~TION ~11 
PERIPHERAl, ANOSMIA (X + SEM)* 
Intromission Ejaculation lntromission 
Latency (Sec) Latency (Sec) to Ejaculation 
Exp. 2 t Exp. 33: Exp. 2 Exp. 3 Exp. 2 t;xp. 3 
Control 54.3 -+ 4.9 72.8 .+ 10 138.6 + 13.4 240.7 -+ 16.6 8.7 + 13) 13.7 + 2.0 
Anosmic 55.3-+8.8 26.3-+3.1 159.4_+22.7 145 +12.6 13.9+3.3 18.2:~ 2.1 
*Control and anosmic means + standard error of the mean, derived from behavior tests given 
before, and 2 days after intranasal zinc sulfate treatment 
-~N = II 
$ N = 6  
which zinc sulfate t rea tment  reliably abolishes o l fac tory  
sensitivity. Our hamsters failed to ident i fy the locat ion of  
amyl acetate or vaginal odor  after zinc sulfate t r ea tment  
whereas control  procedures did not  significantly affect  the 
discriminabili ty of  these stimuli (Fig. 4; Table 1). In both  
Exper iments  2 and 3, o l factory discr iminat ion per formance  
was somewhat  variable on the day sexual behavior  was 
tested. However  only 1 animal of  15 achieved more  than 9 
correct responses (60%) on the 15 trials of  that  test. The I 
animal performing above this level scored l l out  of  15 
correct,  but  its per formance  on subsequent  trials deviated 
very little from chance. All males copulated to ejaculat ion 
after zinc sulfate. Al though there was some variability in 
the behavioral measures which were obtained (Fig. 4; Table 
2), this variability was not at all correlated with the 
variability displayed in the o l fac tory  discr iminat ion appa- 
ratus the same day. 
It is possible that  the animals who returned to cri terion 
performance  levels within the 8 days of  o l fac tory  testing 
after zinc sulfate t rea tment  might have experienced a less 
severe anosmia than the animals which did not  reacquire 
their o l fac tory  sensitivity as rapidly. A separate analysis of  
the sex behavior scores was per formed to compare  these 2 
groups. For  all 3 behavioral  measures, the means were quite  
similar and did not  approach statistical significance; ejacu- 
lation latencies were actually shorter  for those animals 
which did not  meet  criterion. 
Our conclusion that o l factory cues are not  essential for 
the display of  sexual behavior  by male hamsters is 
supported by o ther  observations. Payne and Swanson [48] 
reported that sexually active males a t t empted  to initiate 
copulat ion on all 4 days of the female partner 's  estrous 
cycle, suggesting that  these a t tempts  were not  affected by 
changing olfactory s t imulat ion th roughout  the cycle. Sim- 
ilarly, Tiefer  and Johnson  [66] ,  while investigating the 
lordosis behavior of castrated male hamsters t reated with  
ovarian hormones,  observed that these males readily elicited 
mount ing  a t tempts  by hormonal ly  intact male hamsters,  
even when the former  were untreated with estrogen. These 
observations have also been made in our  own laboratory 
(unpublished).  Thus whatever  it is that arouses a male 
hamster to investigate and initiate copulat ion with a 
partner, it obviously is not  an a t t r ibute  associated only with 
females in behavioral estrus. 
The differential  effects of  bu lbec tomy and peripheral 
anosmia on male hamster  copula t ion  are paralleled by 
similar differences in the mouse. Rowe and Smith [58] 
have recent ly  reported that anosmic male mice mate 
normally  even though bu lbec tomy  abolishes this behavior 
[57] .  In the rat, on the o ther  hand, peripherally anosmic 
males show the same deficits in sexual behavior as do 
bulbec tomized  animals [33] ,  a l though the deficit in this 
species is only partial [7, 10, 30, 32] .  However in the 
female rat under some condit ions,  bu lbec tomy and zinc 
sulfate induced anosmia have markedly  different  effects on 
maternal  behavior [22,23] .  This also appears true for 
mouse killing in rats which is facili tated by bu lbec tomy but 
not  by peripheral deafferent ia t ion of  the ol factory bulbs 
[64] or zinc sulfate t rea tment  [1] .  Peripheral anosmia in 
the male dog does not  interfere wi th  sexual behavior [27] 
al though the effects  of  bu lbec tomy in this species have not 
been reported.  Thus there appears to be no consistent 
theme emerging from the available evidence concerning 
differences be tween  central and peripheral anosmia, but  
rather the effects obtained seem to depend on the 
particular behavior and animal studied. 
When the present report  was in preparation,  a paper 
appeared [39] concerning the same problems to which our 
exper iments  were addressed. The results of this investi- 
gat ion were interpreted to support  the hypothesis  that 
o l factory s t imulat ion was critical to sexual behavior  in the 
male golden hamster.  This conslusion was based on the 
mating performance  of 11 animals which had been adminis- 
tered a 1.7% zinc sulfate solution in a manner  somewhat  
comparable  to the procedures  we used. In behavior tests 
subsequent  to this t reatment ,  comple te  copula tory  series 
were not  scored, but the data obtained indicated that 
properly or iented mount ing  a t tempts  were absent among 
10 of  11 animals in 3 consecutive tests given up to the 
four th  hour after t reatment .  On daily tests thereafter,  all 
hamsters had begun to mount  by the f i f th  or sixth day. 
Unfor tuna te ly  the conclusions based on these findings fail 
to consider  2 impor tant  issues. First,  it is highly probable 
that hamsters treated with zinc sulfate are debil i tated for a 
number  of  hours after this solution has been applied. This is 
one of the reasons we chose to test our animals 48 hr 
afterwards. The second point to consider in evaluating this 
report  is the distinct possibility that  the treated hamsters 
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were still anosmic  w h e n  mat ing  behav io r  r e tu rned .  Because 
no  tes ts  were c o n d u c t e d  to  assess the  degree of  anosmia  
resul t ing f rom the  zinc sulfate  t r e a t m e n t ,  it is imposs ib le  to  
conc lude  t h a t  t he  absence  of  sexual  act ivi ty  was related to  a 
loss of  o l f ac to ry  func t ion .  Moreover  it is s ignif icant  t h a t  
over one-ha l f  of the  animals  had  appa ren t ly  recovered the i r  
sexual  m o t i v a t i o n  by  the  second day fo l lowing zinc sulfate  
t r e a t m e n t ,  wh ich  is the  t ime  we tes ted  ou r  hams te r s  and  
found  no defici ts  in sexual  behavior .  I t  is unl ikely  t ha t  the  
Lisk et aI. hamsters ,  wh ich  were t r ea t ed  wi th  a zinc sulfa te  
so lu t ion  cons ide rab ly  less c o n c e n t r a t e d  t h a n  ours  (1.7% vs. 
5%), could  have lost  and  s u b s e q u e n t l y  recovered  o l f ac to ry  
f u n c t i o n  wi th in  2 days  because  the  s t ruc tura l  d i f feren-  
t i a t ion  of  o l f ac to ry  mucosa  is lost  2 days  af te r  t r e a t m e n t  
wi th  an  even weaker  so lu t ion  (1.0%) [63 ] .  Thus  we feel 
there  is no r igorous evidence in the  Lisk et al. s tudy  [39]  
which  in any  way min imizes  the  val idi ty of  t he  conc lus ions  
we have d rawn  based on  the  3 expe r i m en t s  r epor t ed  here.  
The  absence  of  ma t ing  behav io r  in male  hams te r s  a f te r  
the i r  o l f ac to ry  bu lbs  have been  r emoved  mus t  involve 
s o m e t h i n g  o t h e r  t h a n  loss of  the  sense of  smell. Based on  a 
n u m b e r  of  repor t s  in the  l i te ra ture ,  it wou ld  appear  t h a t  
b u l b e c t o m y  can have p r o n o u n c e d  effects  o n  a var ie ty  of  
physiological  and behaviora l  processes seemingly unre la ted  
to the  o l fac to ry  sys tem per  se [3, 12, 13, 16, 20, 34,  40,  
43,  49,  50, 62 ] .  The  a n a t o m y  of  cen t ra l  neura l  con-  
nec t ions ,  b o t h  t o  and f rom the  main  and  accessory 
o l fac to ry  bulbs  is comp lex  [28,  52,  53, 54,  55,  59,  6 1 ] .  At  
p resen t  it is no t  k n o w n  in wha t  way these  p ro jec t ions  migh t  
be  involved in the  behaviora l  ef fects  observed fol lowing 
b u l b e c t o m y .  We are cu r r en t l y  invest igat ing the  c o n t r i b u t i o n  
of  the  accessory o l f ac to ry  bu lb ,  and  in t end  to examine  the  
types  of  neu rochemica l  changes  wh ich  may  take  place in 
the  l imbic sys tem af ter  the  o l fac to ry  bu lbs  have been  
removed.  In the  rat ,  b u l b e c t o m y  alters the  n o r e p i n e p h r i n e  
c o n t e n t  of  selected bra in  regions [5 1 ]. 
We have ob t a ined  pre l iminary  evidence  wh ich  suggests 
tha t  b u l b e c t o m y  in some way in ter feres  wi th  arousal  
sys tems necessary to  in i t ia te  episodes  of  ma t ing  act ivi ty.  A 
n u m b e r  of  invest igators  have d is t inguished b e t w e e n  arousal  
and pe r fo rmance  m e c h a n i s m s  in the  con t ro l  of  male  sexual  
behav io r  [15 ] .  Arous ing  s t imu la t i on  in the  fo rm of  
per iphera l  shock can faci l i ta te  sexual  behav io r  in male  rats  
u n d e r  approapr i a t e  c i r cums tances  [6, 14, 26 ] .  We have 
observed t ha t  some b u l b e c t o m i z e d  hams te r s  can be  induced  
to ma te  by  e i ther  cen t ra l  or per iphera l  s t imula t ion ,  and t h a t  
the  ma t ing  sequences  which  result  appear  no rma l  in t e rms  
of  the i r  c o m p o n e n t  character is t ics ;  these  effects  are now 
being  sys temat ica l ly  invest igated.  
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